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(§) A spring steel wire that has a tensile strength of at least 2.000 N/mm^ and a surface roughness of not more 
than 5 urn In terms of Rz. and a spring steel wire that consists essentially of from 0.5 to 0.8% by weight of C, 
from 1.2 to 2.5% by weight of Si. from 0.4 to 0.8% by weight of Mn. from 0.7 to 1.0% by weight of Or. from 
0.005 to 0.030% by weight of N and at least two elements selected from the group consisting of from 0.1 to 
0.6% by weight of V, from 0.05 to 0.50% by weight of Mo and from 0.05 to 0.50% by weight of W, with the 
balance being Fe and incidental impurities containing not more than 0.005% by weight of Al and not more than 
0.005% by weight of Ti. said wire having a surface roughness of not more than 5 um in terms of Rz. as well as 
production processes therefor. 
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FIELD OF THE INVENTION 

The present invention relates to spring steel wires for use in applications where fatigue-resisting 
property is required such as valve springs on autonnobile engines. 

5 

BACKGROUND OF THE INVENTION 

Conventional techniques on springs having high fatigue-resisting characteristics have been described, 
e.g.. in JP-A-4-367346 in which the surface of steel wires is electropolished or chemically polished so as to 

10 remove micro-defects on it, thereby improving the fatigue resistance or the wires. (The term "JP-A" as 
used herein means an unexamined published Japanese patent application.) This approach which involves 
electropolishing or chemically polishing the surface of spring steel wires is effective to a certain extent in 
Improving the fatigue limit since the surface of the wires is made smooth. However, further improvements In 
the fatigue limit have been impossible on account of the low materials strength. 

IS The present inventors have made an attempt to improve the fatigue resistance of a wire in which some 
kinds of elements for enhancing the strength of materials are added. However, the attempt at achieving high 
fatigue resistance by enhancing the materials strength has had the problem in that the increase in materials 
strength is accompanied by increasing defect sensitivity and that a micro-defect developing on the surface 
can propagate to cause flexural failure due to fatigue. Hence, it has been impossible to achieve improve- 

20 ment in the fatigue limit beyond a certain value. 

The present invention has been accomplished under these circumstances. 

SUMMARY OF THE INVENTION 

25 An object of the present invention is to provide a spring steel wire that has good enough fatigue- 
resisting property to perform satisfactorily on automobile engines even when their output power is 

increased. 

Another object of the present invention is to provide a process for producing such a spring steel wire. 

Other objects and effects of the present invention will be apparent from the following description. 
30 The present Invention relates to a spring steel wire that has a tensile strength of at least 2,000 N/mm^ 
and a surface roughness of not more than 5 um in terms of Rz (the ten-point average roughness defined by 
JIS B0601). 

The present invention also relates to a spring steel wire that consists essentially of from 0.5 to 0.8% by 
weight of C. from 1.2 to 2.5% by weight of Si, from 0.4 to 0.8% by weight of Mn, from 0.7 to 1.0% by 
35 weight of Cr. from 0.005 to 0.030% by weight of N and at least two elements selected from the group 
consisting of from 0.1 to 0.6% by weight of V, from 0.05 to 0.50% by weight of Mo and from 0.05 to 0.50% 
by weight of W, with the balance being Fe and incidental impurities containing not more than 0.005% by 
weight of Al and not more than 0.005% by weight of Ti, said wire having a surface roughness of not more 
than 5 um in terms of Rz. 

40 In a preferred embodiment, the above spring steel wires retain a tensile strength of at least 1,800 
N/mm^, more preferably from 1 .800 to 2,500 N/mm^, and a surface roughness of not more than 5 um even 
after it has been annealed at 500 • C for 2 hours. 

To produce these spring steel wires, the surface of steel wires having the composition and/or strength 
specified above is electropolished or chemically polished to a surface roughness of not more than 5 um in 

45 terms of Rz. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the present invention, the chemical composition of the starting material is not 
50 particularly limited as long as It is conditioned in such a way to provide a tensile strength of at least 2.000 
N/mm2, and preferably from 2,000 to 2,700 N/mm^. The tensile strength is specified to be at least 2.000 
N/mm^ because below that value, satisfactory fatigue strength cannot be attained. The method for attaining 
the tensile strength of at least 2,000 N/mm^ is not particularly limited, and it can be attained, for example, 
by adjusting the composition of the material to the above-mentioned range, or by lowering the tempering 
55 temperature. 

Alternatively, the chemical composition of the starting material used in the present invention is adjusted 
to the above-mentioned ranges, while the tensile strength thereof Is not particularly limited. 
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The starting material is then electropolished or chemically polished to remove any significant surface 
defects so as to attain a surface roughness of not more than 5 um. preferably from 2 to 5 u.m, in terms of 
Rz, thereby Improving the fatigue resistance of the material. The conditions of electropolishing and chemical 
polishing are not particularly limited as long as the surface roughness of not more than 5 um in terms of Rz 
5 can be realized. For example, the electropolishing can be conducted In a solution composed of phosphoric 
acid, sulfuric acid, and water (volume ratio: 7/2/1) at a current density of 250 A/dm^ for 50 seconds, and the 
chemical polishing can be conducted in a solution aqueous hydrogen peroxide and hydrofluoric acid 
(volume ratio: 97/3) for 30 seconds. 

The surface roughness Is specified to be not more than 5 um in terms of Rz because above that value, 
10 not all significant surface defects can be removed and a micro-defect can propagate until it becomes 
deleterious to the development of satisfactory fatigue resistance. 

The composition of the spring steel wire of the present invention is described below in detail. 

The content of cart>on (C) Is from 0.5 to 0.8% by weight, and preferably from 0.6 to 0.8% by weight. 
Carbon is an element essential for enhancing the strength of steel wires, if the carbon content is less than 
15 0.5% by weight, no satisfactory strength can be attained. If the carbon content exceeds 0.8% by weight, the 
toughness of the steel wire Is lowered and, furthermore, its defect sensitivity Is Increased as to lower Its 
reliability. 

The content of silicon (SI) is from 1.2 to 2.5% by weight, and preferably from 1.2 to 2.0% by weight. 

Silicon is an element that is effective in improving the strength and failure resistance of ferrites. If the silicon 
20 content is less than 1.2% by weight, it is not effective satisfactorily. If the silicon content exceeds 2.5% by 

weight, the cold workability of the steel is lowered and, at the same time, accelerated decarburizatlon can 

occur during hot working or other heat treatments. 

The content of manganese (Mn) is from 0.4 to 0.8% by weight, and preferably from 0.5 to 0.8% by 

weight. Manganese not only improves the quenchability of steels but also fixes sulfur (S) In the steels so as 
25 to render it harmless. If the manganese content is less than 0.4% by weight, these effects are not attained. 

If the manganese content exceeds 0.8% by weight, the toughness of the steel Is lowered. 

The content of chromium (Cr) is from 0.7 to 1.0% by weight. Similar to the case of manganese, 

chromium improves the quenchability of steels. Furthermore, chromium is an element that is effective in 

imparting toughness by a patenting operation subsequent to hot rolling and enhancing the resistance to 
30 temper softening after quenching, so as to increase the strength of the steel. If the chromium content is less 

than 0.7% by weight, these effects are not achievable. If the Cr content exceeds 1.0% by weight, carbides 

will not be fully dissolved as a solid solution, leading to lower strength of the steel. Furthermore, the 

quenchability of the steel becomes excessive to lower its toughness. 

The content of nitrogen (N) is from 0.005 to 0.030% by weight. Nitrogen binds with aluminum and 
35 contributes to the decreasing of grain size; at the same time, nitrogen works as an element for causing 

solid-solution hardening in ferrites. If the nitrogen content is less than 0.005% by weight, it is not effective 

satisfactorily. If the nitrogen content exceeds 0.030% by weight, the toughness of the steel will decrease. 
The content of vanadium (V) is from 0.1 to 0.6% by weight, and preferably from 0.1 to 0.5% by weight. 

Vanadium forms carbides in the steel and decreases austenite grain size so as to improve the endurance of 
40 the steel. If the vanadium content is less than 0.1% by weight, these effects are not achieved. If. the 

vanadium content exceeds 0.6% by weight, carbides tend to become less soluble as a solid solution, thus 

causing adverse effects on subsequent heat treatments. 

The content of molybdenum (Mo) is from 0.05 to 0.50% by weight, and preferably from 0.1 to 0.4% by 

weight. Molybdenum is an element that is effective in improving the failure resistance of springs. In addition. 
45 it enhances the resistance to temper softening so as to impart higher endurance. If the molybdenum 

content is less than 0.05 % by weight, it is not effective satisfactorily. If the molybdenum content exceeds 

0.50% by weight, the drawability of the steel into wires is impaired. 

The content of tungsten (W) is from 0.05 to 0.50% by weight, and preferably from 0.05 to 0.20% by 

weight. Tungsten binds with carbon to form carbides, thus decreasing the grain size. At the same time, it 
50 enhances the resistance to temper softening so as to impart higher endurance. If the tungsten content is 

less than 0.05% by weight, it is not effective satisfactorily. On the other hand, the effectiveness of tungsten 

is in no way improved even if its content exceeds 0.50% by weight. 

The contents of aluminum (Al) and titanium (Ti) each is not more then 0.005% by weight. These 

elements produce AI2O3 and TiO which both are high-melting point inclusions. These inclusions are hard 
55 and will cause marked decrease in the fatigue resistance of steel wires if they are present right under the 

surface of the wires. To avoid these problems, the content of each of Al and Ti is not more than 0.005% by 

weight while they are incidental impurities. This requirement can be met by selecting starting materials that 

have low contents of aluminum and titanium. 
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The following examples are provided for the purpose of further Illustrating the present invention but are 
in no way to be taken as limiting. 



Samples having the compositions shown in Table 1 were provided and melted in an induction furnace. 
The melts were forged and hot rolled into wires having a diameter of 6.5 mm. Sample C was a comparative 
example (JIS SWOSC-V). Following a heat treatment, the wires were shaved and cold drawn to a diameter 
of 3.8 mm. By subsequent quenching and tempering, steel wires having the mechanical characteristics 
10 shown in Table 2 were produced. 

Another group of the same samples were subjected to annealing at 500 for 2 hours, which was 
equivalent to nitriding; the thus treated wire samples were also measured for their mechanical characteris- 
tics. The results are also shown in Table 2. 
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Another group of samples that were treated up to the stage of quenching and tempering (but not to the 
55 annealing) were electropolished and measured for Rz (ten-point average roughness under JIS B0601). Rz 
measurement was also conducted before the electropolishing. The results are shown in Table 3. 
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TABLE 3 



Sample 


Surface roughness Rz 


Before electropoHsh (urn) 


After electropolish (um) 


A-1 


9.0 


4.0 


A-2 


9.7 


4.5 


B 


8.7 


4.2 


C 


9.6 


3.8 



The steel wires thus prepared were shaped into springs according to the specifications shown in Table 
4 and subjected to strain-relief annealing at 420 • C for 30 min. followed by being nitrided at 500 • C for 2 
hours. Subsequently, the wires were subjected to shot peening. first by using cut wires (diameter: 0.7mm) 

75 for 30 min, then using steel balls (diameter: 0.3mm) for 30 min. Thereafter, the wires were subjected to low- 
temperature (200 'C) annealing for 20 min. The thus produced coil springs were subjected to a fatigue test 
on a spring fatigue tester. The testing conditions were as follows: the average stress of 686 MPa was 
applied repeatedly through a total of 5 x 10^ cycles with the stress amplitude being varied and the 
amplitude of stress that could be applied without causing flexural failure was designated as the "fatigue 

20 limit". The test results are shown in Table 5. 



TABLE 4 



W\re diameter (mm) 


3.8 


Average coil diameter (mm) 


24.5 


Free length (mm) 


64.0 


Effective number of turns 


4.5 


Total number of turns 


6.5 



TABLE 5 



36 



Sample 


Electropolish 


Fatigue limit 
(5x10^ cycles, Tm = 686 Mpa) (MPa) 


A-1 


yes 


608 


A-1 


no 


520 


A-2 


yes 


598 


A-2 


no 


520 


B 


yes 


539 


B 


no 


470 


C 


yes 


466 


C 


no 


417 



As Table 5 shows, the samples of the present invention (electropolished samples of A-1, A-2 and B) 
were found to have excellent fatigue-resisting property as compared with the comparative samples (C and 
non-electropolished samples of A-i. A-2 and B). In particular, the electropolished samples of A-1 and A-2 
which were limited in composition and which had tensile strengths of more than 1,800 N/mm^ after 
annealing at 500 • C for 2 hours were found to have an excellent fatigue-resisting quality. 

As described in the foregoing, springs having good fatigue characteristics can be produced by using 
the steel wires of the present invention which are limited in terms of tensile strength and surface roughness. 
In particular, the springs produced from the steel wires that are limited in terms of either their composition 
ranges or the tensile strength and surface roughness after prolonged annealing at 500 • C exhibit excellent 
fatigue characteristics. Therefore, the steel wires of the invention are effective, e.g., in valve springs and 
other components of automobile engines on which increasing improvements have been made in recent 
years. 
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m 

^ While the invention has been described in detail and with reference to specific embodiments thereof, it 

^ will be apparent to one skilled in the art that various changes and modifications can be made therein without 

departing from the spirit and scope thereof. 
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1. A spring steel wire that has a tensile strength of at least 2,000 N/mm^ and a surface roughness of not 
more than 5 urn in terms of Rz. 

70 2. A spring steel wire as claimed in claim 1 , wherein said spring steel wire retains a tensile strength of at 
least 1,800 N/mm^ and a surface roughness of not more than 5 urn In terms of Rz even after it has, 
been annealed at 500 ' C for 2 hours. 

3. A spring steel wire that consists essentially of from 0.5 to 0.8% by weight of C. from 1 .2 to 2.5% by 
IS weight of Si, from 0.4 to 0.8% by weight of Mn, from 0.7 to 1.0% by weight of Cr. from 0.005 to 
0.030% by weight of N and at least two elements selected from the group consisting of from 0.1 to 
0.6% by weight of V, from 0.05 to 0.50% by weight of Mo and from 0.05 to 0.50% by weight of W. with 
the balance being Fe and incidental impurities containing not more than 0.005% by weight of Al and 
not more than 0.005% by weight of Ti, said wire having a surface roughness of not more than 5 um in 
20 terms of Rz. 



4. A spring steel wire as claimed in claim 2, wherein said spring steel wire retains a tensile strength of at 
least 1 ,800 N/mm^ and a surface roughness of not more than 5 um in terms of Rz even after it has 
been annealed at 500 * C for 2 hours. 

25 

5. A process for producing a spring steel wire comprising the step of electropolishing or chemically 
polishing the surface of a wire to a surface roughness of not more than 5 um in terms of Rz, said wire 
having a tensile strength of at least 2,000 N/mnn^. 

30 6. A process for producing a spring steel wire comprising the step of electropolishing or chemically 
polishing the surface of a wire to a surface roughness of not more than 5 um in terms of Rz, said wire 
consisting essentially of from 0.5 to 0.8% by weight of C, from 1.2 to 2.5% by weight of Si, from 0.4 to 
0.8% by weight of Mn, from 0.7 to 1 .0% by weight of Cr, from 0.005 to 0.030% by weight of N and at 
least two elements selected from the group consisting of from 0.1 to 0.6% by weight of V. from 0.05 to 

35 0.50% by weight of Mo and from 0.05 to 0.50% by weight of W, with the balance being Fe and 
incidental impurities containing not more than 0.005% by weight of Al and not more than 0.005% by 
weight of Ti. 



40 



46 



50 



55 



7 



J 



EUROPEAN SEARCH REPORT 

EP 93 10 8711 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Catcgoo 


Citation of docnoieot with indication, wbere appropriate, 
of relevant passages 


RefevBt 
to daim 


CLASSmCATION OP THE 
APPUCATION OblCLS) 


Y 


JP-A-5 023 772 (TOKUSEN KOGYO K.K.) 
•Abstract* 


1 


C22C38/34 
F01L3/10 


Y 


JP-A-63 052 729 (SUMITOMO ELECTRIC 

IND LTD ^ 

♦Abstract* 


1 




Y 


JP-A-4 247 824 (NIPPON STEEL CORP.) 
♦Abstract* 


1.3 




Y 


JP-A-2 247 354 (SUMITOMO ELECTRIC 

IND. LTD.) 

♦Abstract* 


1.3 




Y 


PATENT ABSTRACTS OF JAPAN 

vol. 13, no. 61 (C-567)(3409) 10 February 

1989 

& JP-A-63 250 441 (KOBE STEEL LTD.) 18 
October 1988 
* abstract * 


3 




Y 


PATENT ABSTRACTS OF JAPAN 


3 


TEdOaCAL nELOS 
SEAECHEP ObLOS) 




vol. 12, no. 165 (C-496)(3012) 18 May 1988 
& JP-A-62 274 051 fKOBE STEEL LTD ^ 28 
November 1987 
* abstract * 




C22C 
FOIL 


A 


EP-A-O 400 564 (AICHI STEEL, TOYOTA 
JIDOSHA & CHUO HATSUJO) 
*Claims 1-8* 


1-6 




A 


EP-A-O 265 273 (DAIDO TOKUSHUKO K.K.) 
* the whole document * 


1-6 




A 


EP-A-O 232 061 (HONDA GIKEN KOGYO K.K.) 
♦Claims 1-7* 


1-6 




The present search report has been drawn up for all daims 







THE HAGUE 



23 March 1994 



Lippens, M 



CATEGORY OF CITED DOCUMENTS 



X : psHcutariy idavaat If taken atone 
Y : partiotlariy rdevuit If comUaei wit 

docamcat of the sims categpty 
A : teehaologlcal backgrouad 
O ; ooo-wrttten <isdosare 
P : iotcnaediatt docameat 



T : theory or prladple naieriytng the lavBntioa 
E : eaiittf patent ocaaaat, but pabUshed on, or 

tftw the flliagdat* 
D : iocumoit dtH In the applkatloD 
L : iocnmait dt«i for other rosoos 



a:ia«ab«Df thei 



I pataot fiiaihr* coiraspoBdiBc 



